.
. . . ------------------- Here, the mass transfer results from * the large radiative hcat transfer occurring in the stagnation region; this results in large ablation rates which produce "massive blowing". For these large injection rates, a layer of injected gas occurs adjacent to the surface which is essentially at the surface temperature. This insulating layer prevents any convective heating at the surface. A numerical treatment of this problem was first obtained in reference C5) where the constant property layer was seen to thicken rapidly with mass transfer rate and the high shear layer was displaced outward from the surface. These effects were verified experimentally in reference (6) where the alteration of the inviscid flow field was observed by schlieren photographs and down-* stream effects of the mass transfer were also studied.
On a slender body, whether mass is injected by an active coolant system or whether the injection occurs as a result of surface ablation, the major transfer of mass will occur in the stagnation region followed by a surface on which the effective injection rate is zero (or extremely small). In the ablation system, this is
caused by the radiation from the high temperature gases behind the bow shock wave in the nose-cap region. As the shock weakens in the downstream direction and becomes more conical in shape, the gas temperature drops rapidly and, along with it, the attendant surface ablation. If one considers the active coolant system, * again one finds that the surface mass transfer is confined to the * stagnation region since in this case the minimum injection required for reduction of convective heating is the important consideration. In either situation, however, there will be some residual cooling effect as the injected fluid flows downstream within the boundary layer.
It has been observed in ref. would not normally occur. In a transitional or turbulent boundary * layer, the local heat transfer is usually significantly higher than that in a laminar flow at the same free stream conditions. As a result, it is extremely important to be able to determine the onset of transition when such active cooling systems are proposed, or when they occur naturally through surface ablation. In either con-W dition, one may be trading a lower heating rate in the stagnation region for a higher rate downstream. Since the downstream area can be significantly larger than the surface area in the stagnation * region, the total heat absorbed by the vehicle may actually be greater with massive blowing than without under certain conditions. to provide an explanation of the anomolous behavior observed, the method of transition detection, i.e., measurement of the surface heat transfer rates, was not felt to be extremely accurate.
The purpose of the present study was to attempt to measure the onset of transition, on the impermeable surface, with greater accuracy than is possible by interpretation of surface heat transfer mea-surellents. This was accomplished by using thin surface * -films which were heated and monitored by a constant temperature hot wire anemometer system. Thi.s technique, described in the fol- that all recorded data may be correlated in real time.
After the wind tunnel test run is terminated, the data recorded on the tape recorder is played back into a Digital PDPIl-34 computer which has an AR-11 laboratory peripheral system. The AR-11 system is capable of analog to digital conversion of 16 channels of analog data. The digitized data is stored by the PDP11-34 on a diskette and is then ready for processing and analysis.
III. Transition Detection Technique
Since the main objective of this study was to obtain accurate transition locations for various mass injection rates, the tech-U| niques used for this determination were reviewed. In reference (10)
transition was determined by the observation of ablated nose shapes;
transitional and turbulent heat transfer were found to produce a 0I distinct difference in the resulting shape as well as a distinguishable macroroughness surface pattern. References (6) and ( Another approach investigated was to examine the EMS voltage for various tests, rather than the spectral distribution of the fluctuating signal. The advantage of using the EMS voltage can be clearly seen from Fig. (3) . In Fig. (3) it is obvious that the S EMS voltage defines the transition location at least as sharply as the surface heat transfer data, and significantly better than the spectral distribution.
At large downstream locations, where transition occurs rapidly, the surface heat transfer measurements were found to provide a The only difficulty associated with this technique is that a large number of tests were required to locate the transition point, i.e., each data point in figure (5) corresponds to a different test run. With the high speed tape data acquisition system described in the previous section, it was decided to run a variable mass injection test at a constant Reynolds number to evaluate the possibility of obtaining the transition location in one test run. Figures (6) and (7) show the results of these tests. Having determined the mass flow rate, the data can be presented in terms of the laminar injection similarity parameter,.
Nc , of ref. (11).
This injection parameter is a function of the free stream Reynolds number, Mach number, stagnation enthalpy, the model geometry, and the total amount of injected mass. It is defined by the following relation: when the above data is cross-plotted as a function of surface * location, for a constant free stream Reynolds number, the boundary layer relaminarization described in reference (11) is seen to occur. The extent of the injection region is indicated on all applicable
Transition data obtained from a hot film gauge at i = 9.09
is presented in terms of the mass transfer similarity parameter,
Nc, in figure (11).
This data is shown for three meridian planes: the windward plane (~=00), the cross plane (~=900) and an intermediate plane (~=600). NO transition data could be obtained at angles of attack larger than 60 at *=900 due to the unsteadiness of the EMS signal under these conditions. The large variation in film gauge output precluded the determination of an accurate location since a clear cut variation in signal intensity was not evident. This was also the case for values of 0 greater than 900 even at lower angles of attack, and was probably caused by the cross flow separation that occurs in this region.
Some general conclusions may be reached concerning the data presented in figure (11) . Angle of attack appears to produce a stabilizing effect on the boundary layer, at least on the windward surface (0s90 0 ). That is, at a given surface location larger mass injection is required to produce transition at angle of attack than in the axisymmetric flow condition. Conversely, for a given rate of mass transfer, transition will occur further down-* stream on the windward surface when the body is at an angle of attack. Moreover, these effects become more pronounced at in-6 creasing angles of attack. on the leeward surface, no transitional behavior was observable due to the large degree of unsteadiness that was present. AS the angle of attack increases the effect of cooling decreases on the windward meridian but is enhanced on the leeward meridian. This is caused by two independent effects. Geometrically the injection region is fixed to the nose of the vehicle, therefore, at an angle of attack, the length of the injection surface as measured from the stagnation point on the windward meridian is proportionately less than on the leeward meridian. Secondly, since the flow is three dimensional the cross flow that develops carries coolant from the windward side of the cone to the leeward side.
At angle of attack, the surface film gauge used to detect boundary layer transition was only run at the T = 9.09 location.
Some qualitative effects of angle of attack on transition may be obtained, however, from examination of figures (12) This is consistent with the zero angle of attack data where the same NCt was observed. At a -60, the data appears to remain laminar at T.5even at the highest mass transfer ate (N c -41.0).
For N c -.13.5 transition has apparently moved downstream to T-4.
Although these trends are only qualitative in nature, they are consistent with the more accurate film data shown in figure (11). on the heat transfer of either angle of attack or mass transfer.
For the range in flow variables considered in the current test program, the Nu/ Re, 1 2 varied between l.5x10-2 and 2.0x10_ 2 under all circumstances. For 1<3 the heat transfer is dependent on both angle of attack and mass transfer rate in the cross plane ($-90o).
V.

Concluding Remarks
Tests have been conducted on a slender, spherically blunted cone with a porous tip utilized for mass injection into the boundary layer. Measurements were made on the impermeable surface downstream of the porous injection region. The major conclusions that were reached in this study may be summarized as follows: 
